Background: Up till now there is lack of consensus to the optimal method for cardioplegia delivery in coronary artery bypass graft (CABG) patients. Various strategies have been developed to minimize ischemic-reperfusion injury.
Introduction
The use of cardiopulmonary bypass (CPB), cardioplegic arrest, and subsequent reperfusion of the heart causes a systemic inflammatory response and ischemia-reperfusion injury, which are responsible for significant postoperative morbidity [1] .
The study was conducted on 100 consecutive patients who underwent isolated elective CABG in Cardiothoracic Surgery Department in Ain shams University Hospitals during 2014 & 2015.
All data were entered in computerized database, and analyzed with SPSS program version 10.0. Results were statistically represented in the term of mean and standard deviation. Continuous data (of different groups) were compared with paired t-test and categorical data by Pearson's Chi-square test. A p-value <0.05 was considered statistically significant.
Preoperative data
There was no statistical difference between the two groups as regards their preoperative characteristics. And Table  1 shows the preoperative characteristic of the study groups.
Intraoperative data
There was no statistically significant difference between the two groups as regards bypass and cross clamp times. However, there was a statistically significant difference between the two groups as regards spontaneous defibrillation (8 patients in Group І versus 46 patients in Group II) and the use of inotropic support (17patients in Group I versus 8patients in Group II) ( Table 2 ). Table 3 shows ICU events in both groups. It showed that the postoperative blood transfusion was significantly higher in Group II during the first 24 h. However, there was no statistical significance as regards reopening for bleeding. Also, there was no significant difference between 2 groups as regards duration of mechanical ventilation and ICU stay.
ICU data

Cardiac enzymes after surgery
Serum samples for cardiac enzymes (CK, CK-MB, and Troponin I) were taken immediately postoperatively, 12, and 24 h after arrival to ICU.
As regards CK, and CK-MB enzymes, there was a statistically significant difference in the 3rd sample (after 24 h) between the two groups, with the lower level in Group II. However, Troponin І release was significantly lower in warm cardioplegia Group II (Tables 4e6).
Postoperative and discharge data
There was no statistically significant difference between the two groups as regards postoperative complications. At the time of discharge, all patients had echocardiography. There was no statistically significant difference between the two groups as regards LV function.
Follow up data
Clinical assessment and follow up echocardiography was done for study patients 3 months after surgery and there was no statistically significant difference between the two groups. 
Discussion
The aim of myocardial protection during heart surgery was to preserve myocardial function while providing a bloodless and motionless operating field. In the early stage, myocardial protection was obtained by decreasing myocardial oxygen demand as a consequence of hypothermia [6] . Although intermittent cold cardioplegia perfusion is associated with excellent clinical outcomes in cardiac surgery, this standard technique results in myocardial hypothermia, ischaemia and a delay in the recovery of postoperative myocardial metabolism and function [7] .
In addition, it was demonstrated that with electromechanical arrest alone, one could reduce the oxygen requirements of the heart by nearly 90%, with only a slight further decrease attributable to lowering myocardial temperature to 11 C [8] . Based on these considerations, warm blood cardioplegia perfusion during heart surgery procedure was clinically applied since 1980 [9] . It was once believed that the use of warm blood cardioplegia could improve metabolic and functional recovery, and this technique has been adopted by many cardiac surgeons since the early 1990s [10] . Potential advantages of this technique, as described by Calafiore et al. were minimal dilution of the patient and economic consideration as the method is simple and doesn't require expensive equipment such as heat exchanger [11] .
Blood cardioplegia facilitates aerobic myocardial metabolism during cross clamp period and reduces anaerobic lactate production [12] . Intermittent antegrade warm blood cardioplegia preserves systolic function and improves both systolic and diastolic chronotropic response [13] .
However, after being used for more than 30 years, there is still much controversy regarding whether warm cardioplegia is superior to cold [6] .
In this study we compared the two modalities of cardioplegia either antegrade cold crystalloid or warm blood cardioplegia. The study was conducted on 100 consecutive patients underwent elective isolated CABG procedure. The patients were classified into two groups. The first group I (n ¼ 50) received intermittent antegrade cold crystalloid cardioplegia, and the second group II (n ¼ 50) received intermittent antegrade warm blood cardioplegia. We decided to use CK, CK-MB, and cardiac Troponin I as markers for myocardial damage due to their specificity and the fact that they are far more reliable than postoperative ECG changes that may be blurred by new onset conduction disturbances, which is not uncommon in the early postoperative period.
The two groups were comparable as regards their demographic characters with the mean age in Group I was 57.4 years versus 57.9 years in Group II. The two groups were also comparable as regards the sex distribution, the body mass index, and other comorbidities.
Jacquet et al. [14] reported an average age 65.2 ± 8.5 in cold crystalloid group and 64.5 ± 9.6 in warm blood group, with female percentage of 27.5% in contrast to our study which had the female percentage of 13%. A recent study by Zeriouh et al. [15] reported a 35.6% of patients more than 70 year of age with 20.8% female ratio.
The incidence of hypertension and diabetes in this study was 44% and 37% respectively. The incidence of hypertension in Jacquet et al. [14] study was 50.5% which was slightly higher than ours. But in Sirvinskas study there was a percentage of 42.3 of hypertension [16] which was comparable to this study. There was a very high percentage of hypertension in Zeriouh et al. study groups which was 85% [15] . The incidence of diabetes in Zeriouh study was 35.3% which was comparable to our study [15] . Poor LV function has been shown previously to be an independent predictor of higher operative mortality [17] . In our study we excluded patients with poor ejection fraction, and the average EF for the patients was 46.16% which is similar to group I in Zikri et al. [23] . Also there was no statistically significant difference between the two groups in the study with the mean EF in Group I was 45.8% versus 45.6% in Group II. However, Elwatidy et al. reported 5.5% of their patients to have EF less than 30% [18] . The incidence of poor LV function (EF < 35%) in Calafiore study was 16.2% [11] .
The left main coronary artery is an important system, and its stenosis has a very considerable impact on survival. Coronary Artery Surgery Study (CASS) Registry showed that the 5 year survival rate in asymptomatic patients with left main coronary artery disease (LMCAD) was 57%, and 58% in symptomatic patients [19] .
The incidence of significant LMCAD (>50% stenosis) in our study was 8%. The percentage was higher in patients in our study group I but was statistically comparable to the group II.
Most of the patients in our study had triple vessel disease. Patients with severe coronary artery disease (stenosis >80%) represented 70% of our patients. Comparable to our study was the Calafiore study who reported an incidence of 7% of LMCAD [11] .
The average bypass time and cross clamp time in our study was 90.5 ± 12.5 min, and 59. [15] .
In this study; the parameters used to evaluate the two methods of myocardial preservation were spontaneous defibrillation which indicated the myocardial recovery after declamping, the CK, CKMB, and Troponin I to assess ischemic myocardial injury, the inotropic support, the use of IABC, the ICU stay, the mechanical ventilation, and the mortality rate to reflect the clinical outcome in relation to myocardial protection.
In our study the incidence of spontaneous defibrillation was 54%. There was statistically significant difference between the two groups with incidence of 92% in warm blood group II compared to 16% in cold crystalloid group I. Jacquet et al. reported 96.2% spontaneous defibrillation of intermittent warm blood cardioplegia versus 83.6% in cold crystalloid group [14] . Elwatidy et al. reported 95.7% spontaneous defibrillation in warm blood group compared to 2.5% in cold crystalloid group [18] . The higher incidence of spontaneous defibrillation in our study might be due to the application of hot shot of warm blood before declamping in many of the patients in group II.
In this study we experienced 25 cases (25%) who needed prolonged inotropic support (>24 h), 72% (18) of those patients were in cold crystalloid group I which was statistically significant. The use of IABC was 2% in overall study and was comparable between the two groups.
The serum total CK, CKMB, and cTn were serially measured immediately postoperative, at 12, and 24 h post arrival to ICU. As regards CK, and CKMB, there was no statistical difference between the two groups in the first two sets of measurements (immediate and 12 h), but there was a highly significant decrease in their release after 24 h in Table 6 Postoperative Troponin I level (mg/L).
Enzyme
Group warm blood cardioplegia group II in comparison to group I. In contrast to CK and CKMB measures, the decrease of myocardial release of cTn was highly significant immediately postoperative, 12, and 24 h after arrival to ICU. Elwatidy et al. [18] reported significant lower release of CK and CKMB in tepid blood group compared to cold crystalloid group. Franke et al. [20] study showed significant lower CKMB and cTn release in warm blood group. Guru and coworkers [21] in 2006 performed a meta-analysis of 34 randomized clinical trials (RCT) and reported that there was a significant increase in CK-MB release with cold crystalloid cardioplegia in comparison to crystalloid cardioplegia. Fan and coworkers [6] in 2010 performed a meta-analysis of 41 randomized controlled trials (RCTs) comparing cold and warm cardioplegia for myocardial protection in patients undergoing heart surgery. They reported that the concentrations of both cTn and CK-MB were significantly reduced in warm group after surgery as compared with the cold group.
Routine postoperative assessment of EF was done to all patients between the 4th and 6th postoperative day. The average postoperative EF was 49.23 ± 9.43% in cold crystlloid group I, and 45.83 ± 9.68% in group II. The two groups were comparable in their postoperative LV function.
Follow up echocardiography was done 3 months postoperatively. There was no significant difference between the two groups as regards their follow LV function. The average EF after 3 months was 54.3 ± 5.6% in patients who received cold crystalloid cardioplegia, and was 51.2 ± 7.0% in patients who received warm blood cardioplegia.
The mortality rate in our study was 1%, with 1 patient died in warm blood group II. This mortality rate was statistically insignificant.
The results in this series contradicts those of De Bruyn and his colleagues were they found no benefit of using warm blood cardioplegia over crystalloid cardioplegia [22] . However, our results in this study confirmed the results of the large meta-analysis study of Guru and coworkers [21] , and showed that there was less cardiac enzymes release after the application of warm blood cardioplegia for myocardial protection in patients undergoing CABG as compared to cold crystalloid cardioplegia. That indicates less myocardial cell injury associated with warm blood cardioplegia. Accordingly, this study showed that there is no difference in the Egyptian population from the western one in this concern.
In this study, only antegrade method of delivery of cardioplegia was done. Previous studies done also in Egypt showed that cardioplegia delivery method had no effect on the primary end point of having a better clinical outcome in the form of a significant difference in the post-operative mortality, complication rate or LV functions [23, 24] . Hence, further studies with a larger number of patients are recommended to combine the comparisons of the technique of delivery (antegrade or retrograde), type (blood or crystalloid) and temperature (cold or warm) of cardioplegia in terms of mortality, postoperative complications and LV functions as primary end points.
